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Abstract 
 
The recovery and use of the heat generated by waste water is an active concern both internationally and 
nationally. This paper is a study on the technological alternatives used for the recovery of heat from domestic waste 
water. The advantages and the technical aspects of the structural alternatives have been emphasized in the study. 
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1. Introduction 
 
Mankind is now facing a major problem: the use of 
exhaustible energy resources. The efficient use of 
such resources represents the main concern for 
sustainable development. A number of 
unconventional energy resources, whose use is not 
justified at present, can be used in the future. Thus 
appeared the idea of recovering heat from sewage, as 
this may represent a future secondary energy 
resource. The recovery of heat from waste water can 
be achieved in several ways, depending on the flow 
of waste water, as follows: in the sewage system in 
buildings with high consumption of hot water, in 
sewerage networks and in treatment plants [1].By 
implementing heat recovery systems significant 
economic benefits regarding energy consumption 
can be achieved (table 1), as they  can be used for 
both  high consumption of hot water (in residential 
complexes,   hotels,   motels,  sports, fitness pipes.  
 
 
 
The connection method: the main pipe is connected 
directly to the drain pipe, it has waste water flowing 
through it, the second one is a spiral pipe wrapped 
around the outside of the central tube and it has cold 
water flowing through it. 
 
 
2. Comparative study on the technical 
alternatives for the recovery of waste water heat 
 
The main component of the recovery system 
is the heat exchanger which consists of two copper 
and SPA centers, commercial establishments, during 
sterilization or pasteurization processes, in 
restaurants, during industrial washing and treatment) 
and for low consumption of water (private homes, 
dishwashers and clothes shops, hairdresser saloons).  
The main objective of this study is to examine 
the heat recovery process inside houses by installing 
a heat exchanger in the domestic waste water 
drainage line. 
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Table 1. Reduction of thermophore depending on connection of heat exchangers [5] 
         Type of   
connection 
Annual savings 
1. Preheating cold water 
(equal flow) 
2. Preheating cold water and 
its transfer to the boiler 
(unequal flow) 
3. Preheating cold water 
and its transfer to the 
shower (unequal flow) 
Cubic meters of natural 
gas [m3] 230 180 175 
Percentage of 
consumption for heating 
water [%] 
27 21 20 
 
 
 
Heat contained by waste water is transferred 
to the cold water [3].  
Several types of heat exchangers (fig. 1) can 
be identified, depending on the disposal of spirals 
and on the number of joints (table 2). 
 
 
 
 
 
 
 
 
Figure 1. Types of drain water heat recovery units (from the left to 
right): Retherm, Watercycles, GFX, PowerPipe [3] 
Table 2. Characteristics of different types of heat exchangers [4] 
              Model of heat    
                     exchanger 
Caracteristics 
Model with 3 
passes 
Model with 3 
passes 
Model with 3 
passes 
Model with 2 
passes 
Model with 1 
passes 
Standardized  
efficiency [%] 52.6 58 64.1 60.1 50.9 
Pressure drop [kPa] 13.8 14.5 15.9 31.7 44.8 
Power capacity [kW] 10.4 11.4 12.7 11.9 10 
Length [mm] 1524 1524 2032 1524 1016 
Nominal drain 
diameter [mm] 75 100 100 100 75 
Nominal potable water 
diameter [mm] 25 25 25 19 12 
Number of passes 3 3 3 2 1 
Max. pressure [kPa] 1034 1034 1034 1034 1034 
Applications 
-Comercial 
-Institutional 
-High flow rates 
-Single or 
grouped 
installation 
-Comercial 
-Institutional 
-High flow rates 
-Single or 
grouped 
installation 
-Comercial 
-Institutional 
-High flow rates 
-Single or 
grouped 
installation 
-High efficiency 
-Comercial 
-Institutional 
-High flow rates 
-Single or 
grouped 
installation 
-High efficiency 
-Residential 
single housing 
-Low flow rates 
-Single 
installation 
 
 
Used water has an open flow due to 
gravitation, so it adheres to the inner wall of the 
main pipe under the influence of surface tension. 
This improves the rate of thermal transmission, as 
the heat exchanger operates based on “gravity film” 
[2]. The heat exchanger can be installed under three 
configurations depending on the flow of cold water, 
the flow of discharged waste water on the and 
distribution of preheated water to exit the 
exchanger. Thus we have: 
2.1. Preheating the water heater`s cold water 
supply and cold water [5] 
Under this configuration (fig. 2), the flow of 
discharged waste water is the same as the water flow 
circulating through the heat exchanger.  
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Figure 2. Preheating the water heater`s cold water supply 
and cold water [5] 
 
 
 
 
The flows of cold water, waste water and 
preheated water are equal 
A part of preheated water enters the water 
heater, reducing energy consumption required to 
raise water temperature to 60 0C (140 0F), while the 
rest of the water enters the cold water pipe at a 
temperature of 25 0C (77 0F) 
 
Advantage: 
 it is a very economic method; 
 it has the most efficient configuration. 
Disadvantage:  
 in some cases when using the shower, the 
cold water from the sink may be hot; 
 the configuration is complicated and costly 
if the water heater is not close to the drain. 
 
2.2. Preheating the water heater`s cold  
water supply [5] 
Under this configuration (fig. 3), the flow of 
discharged waste water is equal to the input flow 
cold water and the preheated water flow is lower 
and is transmitted to the water heater. 
The easiest connection method is to install 
the heat exchanger near the water heater.  
The temperature of the waste water does not 
affect the consumer's comfort, it simply reduces the 
quantity of energy required to prepare hot water. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Preheating the water heater`s cold  
water supply [5] 
 
 
Advantage: 
 it does not influence the temperature of cold 
water form the sink when the shower is 
used. 
Disadvantage: 
 it can be complicated and expensive to 
install if the water heater is not near sewer 
pipe; 
 it is 20% less efficient than the first 
configuration method. 
 
 
2.3. Preheating the cold water [5] 
Under this configuration (fig. 4), the flow of 
discharged waste water is equal to the input flow of 
cold water and the flow of preheated water is lower, 
as it is directed only to the cold water tap.  
The main feature of this connection is the 
simplicity in installation. By installing the heat 
exchanger the cold water line which supplies the 
shower tap is closed. 
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Hot water 
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Figure 4. Preheating cold water. [5] 
 
 
This method of connection is more efficient if 
the flow of cold water is greater than the flow of hot 
water coming from the heater. The cold water line 
will be supplied with preheated water, this will 
reduce the consumption of hot water coming from 
the water heater to achieve the desired water 
temperature in the shower. 
 
Advantage: 
 the installation is possible, even if the boiler 
is not close to the drain. 
Disadvantage: 
 in some cases, this method implies that the 
cold water from the sink will be hot when 
the shower is used; 
 it is approximately 20% less efficient than 
the first configuration method; 
 it is sensitive to temperature variations of 
the discharged waste water 
Table 3, illustrates schematically a comparison 
between the three methods of configuration for a 
heat exchanger [5]. 
 
 
 
 
 
Table 3. Technical date on connection configuration at heat exchanger 
       Type of connection 
 
Technical date 
Preheating cold water  Preheating cold water and its transfer to the boiler 
Preheating cold water and its 
transfer to the boiler 
The temperature and 
flow rate of preheated 
water when exit the heat 
exchanger 
26 ºC (79ºF) 
9.5 l/min (2.5 GPM) 
24 ºC (75 ºF) 
5.7 l/min (1.5 GPM) 
23 ºC (73 ºF) 
6.5 l/min (1.7 GPM) 
The temperature and 
flow rate of waste water 
when entering the heat 
exchanger r 
40 ºC (104ºF) 
9.5 l/min (2.5 GPM) 
The temperature and 
flow rate if cold water 
when entering the heat 
exchanger 
10 ºC (50ºF) 
9.5 l/min (2.5 GPM) 
The temperature of the 
water when existing the 
water heater 
60 ºC (140ºF) 
 
 
3. Conclusions 
 
Heat exchangers are designed to reduce 
environmental impact through energy efficiency. 
By using these systems water heating costs 
are reduced to up to 40%, considering that 
approximately 15 - 25% of energy costs inside a 
house come from water heating methods. Water 
requires a relatively large amount of energy to heat  
 
 
 
and can also store this energy for a long time. 
Without a heat recovery system, approximately 90% 
of the energy is dissipated in sewer pipes.  
The use of heat recovery systems leads to 
numerous benefits:  
 energy conservation; 
 reducing energy consumption for water 
heating; 
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 low cost of purchase; 
 simple installation of the heat exchanger; 
 longer working power of the heat 
exchanger; 
 lower maintenance costs. 
The depreciation of the investment costs 
takes between 2 and 4 years [2] depending on  the 
technical characteristics of the plant, on the water 
consumption and on the energy costs needed to heat 
the water (eg. the number of persons in a household 
and the number of showers/days). 
To sum up, systems using heat exchangers 
reduce fossil fuel consumption.  
The highest efficiency is obtained when for 
heat recovery the system uses the waste water from 
the shower drain line. 
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